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I. INTRODUCTION

When a laser beam is used to illuminate a rough surface, the result-
ing scatter pattern takes on a random, mottled character. This pattern
is usually referred to as a speckle pattern, and its statistics relate
'not only to the particular radiance pattern on the surface of the scat-

terer but to the surface roughness as well. For another investigation
a computer program was written to evaluate numerically the far-field
scatter pattern due to coherent illumination from a one-dimensional
surface characterized by gaussian statistics. For that particular
study, the statistics of the speckle pattern were examined with respect
to the form of the r'adiance distribution over the scattering surface.

This present investigation was prompted by a problem related to
gun erosion. Central to the estimation of gun tube wear is the assess-
ment of surface roughness from one firing to the next. With a view
toward developing an experimental technique useful in the analysis of
surface structure, we utilized our one-dimensional analytical model to
examine the relationship between roughness at a scattering surface and
certain statistics of the scattered radiation.

II. PROBLEM FORMULATION

An attempt was made to model a scattering geometry which might be
used in an actual measurement. With this in mind, an object 1 mm in
length was chosen with radiation at 0.6-micron wavelength. The geometry
is shown in Figure 1. The line source formed the input to a 15-cm

S. focal length lens. At the output focal line, the speckle field was

evaluated using the Huygens-Fresnel equation. The integral form of
this equation describes the output field as an integral over the inpu\
aperture, where

x

-0

Figure 1. Setup for generation of optical scattering pattern. Laser
light impinges on surface at c plane. Radiation is transformed by lens
to plane X. The problem is to relate the statistics of the optical
radiation at plane X to the surface characteristics in plane c.

1. R. Barakat, P.H. Deitz and T.E. Buder, "A New Class of Communica-tions Systems: I1. Theory", BRL Memorandum Report to be published.
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V(x) ccf! V(g)exp[-i L~ x(1)dgoL

•-a t

Here, V(x) is the output field, tile limits of integration are from -a
to a where a is !I mm, V(g) is the complex scattered field at the rough
surface, X is the wavelength of the radiation, and f is the focal length
of the lens.

In our evaluation, a special subroutine was used which generates
stochastic functions which are gaussian in nature and conform te chosen
parameters of standard deviation (vertical surface structure) and corre-
Ulation interval (average scale size along the surface). Since the
"illuminated spot is small, a constant amplitude was assimed within the
scattering aperture so tnat the statistics of the scattered radiation
were a function of phase only. Figure 2 shows one computer realization
of the phase of the optical beam immediately after scatter at tile rough
surface for one set of parameters. The standard deviation is one-tenth
of a wavelength and the correlation interval is 5 microns.

.20
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Figure 2. Computer-generated guasslan phase surface having standard
deviation (sigma, of 0.1 lambda (where lambda (L) is 0.6 microns) and
a correlation interval (alpha) of five microns.

Equation (1) was utilized in discrete form for 400 equally spaced
points across the 1-mm object and evaluated at 40oU locations in the
detection plane over a distance of 40 cut. After the 400 complex field
"calculations were made in the detection plane, tbA results were squared
to give the measurable quantity, the intensity pattern.
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For the gun erosion application, a range of height-roughness
variations from 0 to 0.9 X (in standard deviation), where N is the
wavelength, wore examined together with correlation interval variations
from S to 105 microns. Six particular values of standard deviatioi,
wore used with five values for the correlation interval in every possi-
ble pairwise combination. For each of those 30 pairs of parameters,
15 realizations of the radiation pattern in the detection plane were
generated. Various statistical parameters were extracted from these

_ speckle patterns and are discussed in the next section.

III. RESULTS OF CALCULATIONS

Using the IS realizations of speckle pattern for each of 30 pairs
of surface height (sigma) correlation interval (alpha), four speci fic
statistical variables wore examined: moan irradiancu, stindard devia-
tion, ratio of RMS/averago, and the correlation interval.

For each of the four statistical parameters examined, the )r,-
A.. ceiduro was shillar. rho partrmeter under evaluation was computed f:or

each speckle pattern and then averaged over the is realizations 0"cimuted
for each of the 30 pairs of sigma/alpha variables. Standard devina tons
about these means were also computed to give an indication of the .ita-
tistical uncertainty, Figure 3 gives the expected value of the speckle

I3
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Figure 3, Three-dimensional perspective plot showing expected value ofaverage irradia~nce of scattering pattern vs. pairwise combinations of
surface height (sigma) and correlation interval (alphaj of illuminated

--- "surface. L is the wavelength of the optical illumination (0,6 microns).
_• •Each point represents the expected valuex of 15 realizations of a speckle

pattern for which the average value has been computed. Error bars indi-
cate the one-sigma variations about the expected value, Absence of er-or
bars indicates a nonstochastic calculation,
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Figure 4. Perspective plot showing expected value of •Stnar devitionvs
"•vs pa~n ise combinations of surface height (sigma) and correlation inter-~

vl(alpha) of scattering surface,
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Figure S. Perspective plot showing expected value of RMS/AYE ratio vs.pair~ise combinations o sufchegt(sigma) and correlaon nerl
(alpha) of scattering surface.
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Figure 6. Perspective plot showing expected value of corr-lation inter-
val (in m) vs. pairwtse combinations of surface height (sigma) and corre-
lation interval (alpha) of scattering surfa..e.

irradiance (in relative units) versus various sigma/a..phas. As might be
expected, the mean is essentially independent of surflce structure.
Bars above and below the mean values indicate the one-sigma values basedoil IS realizations. Ani imreaso in tile correlation interval gives a
greater uncertainty in the value of the expected irradiance. Absence
of error bars indicates a nonstochastic calculation.

Figure 4 gives the results for the standard deviation of speckle
statistics versus the pair-wise independent parameters, Standard
deviations are generally higher for low surface standard deviation and/or
large correlation interval. Figure 5 show,,s the ratio of ,MS surface
roughness to average. This ratio follows the same trend as the standard
deviation given in Figure 4. This result is to be expected '-nce the
standard deviation and RMS are essentially identical computations f'or
a large sample size, and the mean here is relatively constant.

Finally, Figure 6 gi•es tihe expected correlation interval (in r1mm)
as a function of tile aigma-,lphas. 'this function goes thorugil a notice-
able peak for a small covrrlation interval of surface rougltm,,.h-s and the
midrange of surface standard dev iation.
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IV. CONCLUSIONS

The surface shapes suggested by Figures 4-6 indicate that it may be
possible to associate specific scatter statistics with particular sur-
Sfae parameters. The central problem is to associate a unique set of
surface conditions with a particular statistic in the measured speckle
pattern. From these results, it can be seen that specification of,
for example, a partiuular ratio of RMS/AVE value does not relate to
just one, but a restricted set of alpha-sigma pairs. However, 'h6
combined use of both the RMS/AVE results (Figure 5) together with the
correlation interval calculations (Figure 6) would help reduce the
number of sigma/alpha pairs which can result in the same scattering
stati.itics. Further, if it can be argued on physical grounds that the
correlation interval and the surface height of the scattering surface
must be corielated in some way, then the ambiguity in the interpreta-
tion of the' scattering data might further be reduced. I

From such optical scattering experiments as those described here,
it might then be possible to relate a series of speckle measurements
to a specific set of surface roughness characteristics.

12

12[



DISTRIBUTION LIST

No. of No. of
_Copie Organization C Organization

12 Commander 1 Commander
Defense Documentation Center US Arm), Electronics Research
.NTTN: DDC-DDA and Deve]pament Command
Caiiron Station Technical Support Activity
Alexandria, VA 22314 ATTN: DELSD-L

Fort Monmouth, NJ 07703
1 Director

Defense Advanced Research 1 Commander
Project Agency US Army Communications Rsch

Tactical Technical Offiue and Development Command
ATTN: Dr. James Tegnelia ATTN: DRDCO-PPA-SA
1400 Wilson Boulevard Fort Monmouth, NJ 07703
Arlington, VA 22209

3 Commander
1 Director US Army Harry Diamond Labs

Institute for Defense Analysis ATTN: DRXDO-TI
ATTN: Dr. Bruce J. Whittemore DRXDO-SA, Mr. W. Pepper
400 Army Navy Drive Mr. J. Salerno
Arlington, VA 22202 2800 Powder Mill Road

Adelphi, MD 20783
1 Commander

US Army Materiel Development I Direccor
and Readiness Command Office of Missile Electronic

- ATTN: DRCDMD-ST Warfare
5001 Eisenhower Avenue ATTN: DRSEL-WLH-SF,
Alexandria, VA 22333 Mr. R, J. Clawson

White Sands Missile Range,
I I Commander NM 88002

US Army Aviation Research
and Development Command 1 Commander

ATTN: DRSAV-E US Army Night Vision and
P.O. Box 209 Electro-Optics Laboratory
St. Louis, MO 63166 ATTN: DRSEL-NV-VI, Mr. J. Dehne

Fort Belvoir, VA 22060
1 Director

US Army Air Mobility Research 2 Commander
and Development Laboratory dS Army Missile Research

& Ames Research Center and Development Command
I Moffett Field, CA 94035 ATTN: DRDMI-R
I DRDMI-YDL
iII , Director Redstone Arsenal, AL 35809

Applied Technology Laboratory
US Army Research & Technology

Laboratories (AVRADCOM)
ATTN: DAVDL
For.t Eustis, VA 23604

13



DISTRIBUTION LIST

No, of No. of
Copies Organization Copies Organiation

3 Commander 1 Commander
US Army Missle Research US Army Armame'at Research

and Development Command and Development Command
ATTN: DRDMI-CA, ATTN: DRDAR-LCB, Mr. M. Dale

Dr. Donald McDaniels Watervliet, NY 12189
DRDMI-EA, Mr. B. lHarwell
DRDMI-TKL, Mr. B. Cobb 1 Commander

Redstone Arsenal, AL 35809 US Army Armn',,nnt Materiel
Readiness ,mmand

I Commander A'TN: DRI ,- iLEP-IL, Tech Lib
US Army Missile Research Rock Island, IL 61299

and Development Command
A'IIN: COL Williamson, TOW PM 1 Commindor
"Redstone Arsenal, AL 35809 US Army Training and Doctrine

Command
Commander ATrN: ArCG, Dr. Marvin Pastel
US Army Tank Automotive Fort Monroe, VA 23651

Research & Development Command
ATTN: DRDRA-UL 1 Director
Warren, MI 48090 US Army TRADOC Systems Analysis

Activity
2 Commander ATTN: ATAA-SL, Tech Lib

US Army Armament Research White Sands Missile Range,
and Development Command NM 88002

ATTN: DRDAR-TSS
Dover, NJ 07801 4 Conunander

US Army Infantry Center
5 Commander ATTN: ATSI'I - DCG, BG F. Mahaffey

US Army Armament Research Mr. P. Ferguson
and Development Command Mr. G. itardgrove

ATTN: DRDAR-LC, Dr. J. Frasier NrSII-CD-MSD-F, Mr. Ramsey
DRDAR-LCW, Mr. It. Garver Fort Benning, GA 31905
DRDAR-LCF, Mr. F. Saxe
"DRDAR-LCU, Mr. A. I-loss 2 Director

Mr. T. Malgeri US Army Tnfantry Center
Dover, NJ 07801 Antiarmor Weapons Special

Tausk Force
SCommander ArmN: DAMO-RQD-I

US Army Armament Research Fort Benning, CA 31905
and Development Command

ATTN: DRCPM-SA, Mr. J. Brooks 1 Commandar t
Dover, NJ 07801 US Army Armor School

ATTN: Coibat Developments

Fort K~nox, KY 40121

14



DISTRIBUTION LUST

No, of No. of
Copies Organization 0ol. rgainization

I)opDty Under Socrotary of the 2 General Dyiamics
At'rIy ýor Operat:Lons Rosoearch Pomona Division

ATTN, Mr. David Illtrdison A'TrN: Mr. L.1 P. Groonf. Wasiiington, DC 20310 P.O. Bo. 2507
11o111011a CA 91766

2 ADTC/DWII (J. Cons tahltinoCJ. Bturda) 2 1ilonegywo I I, Itic.
glil APB,• FI. 32542 A2Ir: Mr, A'.C. Hastings

Mrl. Dalvild IHrd111u1mn
I APIATb (Dr., JR, Mayorsak, 600 Second Stroot, North

Chief Sointist) Hopkins, MN 553,13
liSilt AFB, Ph 325,12

2 lughes Alrcratt Company2 Aeroj'o~o It octr'o S) t~oiis Ground S),qtoms Group
"KAI'Nf. Mr. Keith iUd,5 AII'N; IP', Wslo), K. Masontoll
Um00 IV. lollyvalo Stroot tM, J, 1,f Ilnor
Anisa, ',. 91702 PO. Box 3310

Pullorton4 CA 92634
2 Appfl od Iii octronics D,)vtslon

AlL. - Di)vi~sion otf Citlor- 2 Iiughs Aircraft Company
I liiliilior A'I"I'N Mxr Ron Sh .wskiA''r7Ni Ml', Thoodore Fliittmi 3100 Waost Lomiiitil BIV(1

Melville, L. t, NY 117,16 Torranico CA 90509

2 AVCO Systems l)tvlslon I Martin Marireottll Corlporait;ilon
AII'NI Mh 'rhomals MI!duria Or1liindo DIivIston
201 Lowell Street AMI'N: Mh'. ,losoph Stevor
W ilii118ton, MA 01887 PO. Box 5837

Orlando, F1. 328S5
I Bolt Boranok A Nowman Tic.

AI1'N: Mr. Richard Barakat I Rlytheon COlililjlly
Camiibridlge, MA 02138 Missile Systems Division

AW'N: Mr. Thomas Crockor
2 Cincinnati Ulloctronlcs Bedford, HA 01730

""A'N: Mr, Robert Seitz
Mr, Raymond Schmidt I Sandors Associates Tilc

2630 Glondal e-Mi 1 ford Road Pedoral Systems Group
Ci C.tnn.al1tio Oil 152,11 ATT I Mr, Tommy F, Buder,

NtCAI-62282 li1 I ronmontal Research 95 canal Street
Instituto of Michigan Ntisl.i4u, Nil 03064,

A'rN: MrI. Jerry Bolrd
1P,0. Box 8618 1 SINGlIR - Koarfott i1iv-iýon
Ann Arbor, MI '18107 M'rN Mr. Myron Rosenthal

150 Totim Road
Wayne, NJ 07470

S~15

-_ 7 . .7I" :



IDISTRIBUTTON LIST

No. of
Copies Oiaiianization Aberdeen Proving Ground

I System Planning Corporation Dir, USAMSAA
Suite 1500 ATTN: Dr. J. Sperrazza

ATTN: Dr. James Meni DRDXSY-mP, Mr. II. Cohen
1500 Wilson Boulevard 9RXSY-Gl, Mr. IV. Clifford
Arlington, VA 22209 DRXSY-DS, Mr. J. Kramar

DRXSY-T, Mr. A. Reid
I University of California DRXSY-G, Mr. R. Conroy

Lawrc.ce Livermore Laboratory Mr. C. Odom
ATPN: Mr. R. Singleton Dir, IE1L
P.O. Box 808 A'rrN: Mr. J. Torre
Livermore, CA 94550 Mr. G. L, Horley

CDR, USAT'I-COm
ATMN: I)IRST- TO- !
Dir, Wpns Sys Concepts Teami

Bldg FB3516, BA
ATMN: DRI)AR-ACIV

I16

I t

16

4i
Is



USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet and return it to Director, US Army Ballistic Research
Laboratory, ARRADCOM, ATMN: DRDAR-TSB, Aberdeen Proving Ground,
Maryland 21005. Your comments will provide us with information
for improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

S3. How, spoecifically, is the report being used? (Information

source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

S. General Coimments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name:

Telephone Number:

Organization Address:

I !
4•" i


